ABSTRACT: Whole field peas were fed at 0, 10, 20, and 30% of DM to 139 yearling steers (British cross; 409 ± 31 kg of initial BW) for a 119-d finishing period. Carcass data and Choice grade strip loins (n = 98) were collected from a commercial abattoir in Lexington, Nebraska. Consumer sensory and Warner-Bratzler shear force analyses were performed on 2.5-cm strip steaks. No differences (P ≥ 0.17) were observed in final BW, ADG, DMI, and G:F of steers. Likewise, no differences (P ≥ 0.23) were observed for HCW, LM area, fat thickness at the 12th rib, yield grade, and marbling scores. However, KPH responded quadratically to increasing dietary amount of field peas (P = 0.02). Regarding the sensorial analysis, feeding peas linearly increased subjective tenderness (P < 0.01) and led to a quadratic response of overall like ratings (P = 0.01) and flavor like ratings (P = 0.12). Feeding peas did not alter (P ≥ 0.64) juiciness, but decreased shear force values linearly when quantities were increased (P = 0.02). These data suggest that feeding peas does not affect steer performance or carcass characteristics differently from dry-rolled corn, but does improve objective and subjective tenderness, overall desirability, and flavor of beef. Field peas could be fed to cattle and give positive attributes to the quality of the meat up to 30% inclusion in the diet.
INTRODUCTION
Field pea (Pisum sativum) production is increasing rapidly in the northern High Plains as an alternative to fallow due to the N fixing capacity of peas. Broken and discolored peas are not acceptable in the human food consumption market and may be discounted enough to be competitive as a cattle feed. As a result, there is increased interest in the inclusion of this feedstuff into feeder cattle diets. The expanding supply of this high quality source of energy creates an opportunity for livestock production (Anderson et al., 2007) .
The data available has centered on the digestive characteristics of feeding peas to ruminants (Reed et al., 2004) , or their nutritive value for growing calves (Anderson et al., 2007) , dairy cows (Petit et al., 1997) , or feedlot cattle fed high-concentrate diets (Anderson, 1999; Flatt and Stanton, 2000; Lardy et al., 2009 ). Few studies have been conducted on the effects of field peas on beef tenderness and sensory attributes of meat (Carlin et al., 2006; Stein et al., 2006; Magolski et al., 2008) . The aim of this work was to evaluate the effects of replacing dry rolled corn with increasing amounts of whole field peas in finishing diets on performance, carcass characteristic, tenderness, and consumer sensory ratings.
MATERIALS AND METHODS
Procedures for the experiment were reviewed and accepted by the University of Nebraska's Institutional Animal Care Program.
Animals and Treatments
One hundred thirty-nine yearling steers (British cross; 409 ± 31 kg of initial BW) previously grazing primarily crested wheat grass in the summer of 2008 were transported from the University of Nebraska High-Plains Ag Laboratory (Sidney, NE) to the University of Nebraska Panhandle Research and Extension Center (located approximately 4 km north of Scottsbluff, NE). Upon arrival (October 2008), steers were weighed; vaccinated with an infectious bovine rhinotracheitis, parainflu-enza-3, bovine viral diarrhea virus, bovine respiratory syncytial virus modified live virus vaccine (Bovi-Shield Gold, Pfizer Animal Health, New York, NY); vaccinated with a Clostridium chauvoei-septicum-novyi-sordelli-perfringens types C and D bacterin toxoid (Vision 7 with SPUR, Intervet, Millsboro, DE); and treated with ivermectin for internal and external parasite control (Ivomec Pour-on, Merial, Duluth, GA). Steers were blocked by BW into 4 blocks, stratified by BW within block, and assigned randomly within block. Treatments were assigned randomly to pens with 4 pens per treatment and 8 to 9 steers per pen. Treatments were whole grain field pea replacing dry-rolled corn at 0, 10, 20, and 30% of diet (DM basis, Table 1 ). Steers were adapted to the finishing diet over a 21-d period by increasing the amount of dry rolled corn in the diet. Steers were then weighed individually again, and this BW was used as the initial BW for the experiment. At this time, the steers received a single implant of 24 mg of estradiol and 120 mg of trenbolone acetate (TE-S with Tylan, VetLife, West Des Moines, IA). Peas for the experiment were obtained from a regional producer and stored in a grain storage bin. Analyses of peas and weekly diet samples were conducted by Servi-Tech Laboratories in Hastings, Nebraska.
Feeding and Management
Feed bunks were evaluated visually each morning to determine the amount of feed that would be fed to each pen. Bunks were managed to allow for trace amounts of feed to remain in each bunk before feed delivery. Steers were fed for 119 d and slaughtered at the Tyson Fresh Meats plant in Lexington, Nebraska, on March 20, 2009. The carcass data from this trial were collected by Cattlemen's Carcass Data Service (West Texas A&M University, Canyon, TX). Hot carcass weight measurements were taken on the day of slaughter. Carcass 12th-rib backfat thickness, percentage of KPH, marbling score, LM area, and USDA quality grades were recorded after a 48-h carcass chill, and yield grades were then calculated.
Sensory Evaluation
Forty-eight hours postmortem, USDA Choice-grade strip loins (n = 24 to 25 per treatment; 98 total) were selected randomly from each treatment, vacuum packaged, and transferred under refrigeration to the Loeffel meat laboratory at the University of Nebraska, Lincoln. After 21 d of aging, 4 steaks were cut from the cranial end of the strip loins; the first 3 steaks were used for sensory analysis and the last for Warner-Bratzler shear force (WBSF) analysis. Steaks used for sensory analysis were frozen and transferred to the University of Florida for the consumer taste panel evaluation. Before each taste panel session, steaks were thawed at 5°C for 24 h, cooked on a tabletop grill until the internal temperature reached 35°C, and flipped until the final internal temperature reached 70°C. After cooking, steaks were cubed (1.3 × 1.3 × 2.5 cm) and served to panelists, who rated steaks for overall like (1 = dislike extremely, 9 = like extremely), tenderness (1 = extremely tough, 9 = extremely tender), juiciness (1 = extremely dry, 9 = extremely juicy), and flavor (1 = dislike extremely, 9 = like extremely). Steaks for WBSF analysis were cooked in a similar fashion as taste panel steaks and allowed to cool for 24 h at 5°C. At least 6 cores (1.3 cm diameter) were obtained from each steak using a drill press and sheared on an Instron Universal Testing Machine (model 55R1123, Instron Corp., Canton, MA) with a Warner-Bratzler blade. The crosshead speed was 250 mm/min with a 500-kg load cell.
Statistical Analyses
Animal performance and carcass data were analyzed using the Mixed procedures (SAS Inst. Inc., Cary, NC) as a randomized complete block design with pen as the experimental unit and block as a random factor. Carcass quality grade distributions were compared using the χ 2 option of the frequency procedure of SAS. For taste panel data, a completely randomized design was used where pea level was considered the main effect and panelist the random effect. Linear and quadratic relationships were detected by response curves. When significance (P ≤ 0.05) was indicated by ANOVA, means separations were performed using the least significant difference functions. Results were considered significant if P < 0.05, with tendencies identified when the P-value was between 0.05 and 0.15.
RESULTS AND DISCUSSION

Performance
No differences (P ≥ 0.16) were observed on final BW, ADG, G:F, DMI, or calculated NE m or NE g ( Table 2 ). The effect of increasing the quantity of field peas on DMI has been inconsistent in the literature. Fendrick et al. (2005) fed whole field peas up to 59% of the diet DM in a dry rolled corn-based cattle finishing diet. In that study, DMI responded quadratically, with 40% peas resulting in the greatest DMI. In the present study the greatest inclusion of whole field peas was 30% DM, approximately one-half that in the aforementioned study. It is possible that the range of pea inclusion in our study was not large enough to identify a similar response. Loe et al. (2004) replaced dry rolled corn with dry rolled field peas in lamb finishing diets up to 45% DM, with no difference in DMI, as in the present study. Lardy et al. (2009) conducted an experiment in which dry rolled field peas replaced both dry rolled corn and soybean meal up to 30% DM without affecting DMI in finishing steers. Lardy et al. (2009) also found no difference in DMI of finishing steers when field peas replaced barley up to 36% DM. However, Anderson (1999) reported increased DMI when field peas replaced dry rolled barley as the only grain source. Barley is rapidly degraded in the rumen (Stock and Britton, 1993; Lardy and Bauer, 1999) . Field peas degrade more slowly in the rumen, similar to dry rolled corn (Corbett, 1994) , and therefore may alleviate some ruminal acidosis associated with high barley-based finishing diets, thereby increasing DMI. The similarity in starch digestion of field peas and dry rolled corn may also explain the lack of response in DMI in the present study. Decreased DMI has also been reported when field peas replaced a combination of dry rolled corn and high moisture corn and canola meal in finishing diets fed to heifers (Lardy et al., 2009 ) and when field peas replaced whole corn up to 20% DM in diets of finishing steers (Flatt and Stanton, 2000) . The variation in DMI response to field pea inclusion in finishing diets is likely due to the variation in basal diets, quantity of field pea inclusion, and animal differences.
The effect of increasing field peas in finishing diets on ADG and G:F has been more consistent than the effect on DMI. Similar to the present study, several studies reported no effect of field pea inclusion on G:F (Anderson, 1999; Loe et al., 2004; Fendrick et al., 2005; Carlin et al., 2006; Lardy et al., 2009 ). However, Flatt and Stanton (2000) did report increased G:F when field peas replaced whole corn up to 20% DM due to a decrease in DMI and no change in ADG. When field peas were included in lamb finishing diets, Loe et al. (2004) estimated field peas to have similar NE g to corn. The lack of response in ADG and G:F in the present study is most likely due to the similar NE g across all treatments (Table 2) .
Carcass Characteristics
A quadratic response was observed for KPH (P = 0.02) with an increasing percentage of field peas (Table  3) . However, carcass weight, marbling, fat thickness, yield grade, and LM area did not differ (P ≥ 0. Feeding field peas to cattle ences in yield grade in Exp. 1 or Exp. 2 in which field peas were fed in corn-based diets at percentages similar to those used in the present study. A tendency, however, was reported for a linear increase in yield grade as field peas increased up to 36% in barley based diets in Exp. 3. Carlin et al. (2006) did not report differences on USDA quality or yield grades. A quadratic response (P = 0.05) was found for cattle grading USDA Select, with the smallest percentage at 20% inclusion of field peas (Table 4) . This led to quadratic tendencies (P = 0.11 and 0.12, respectively) for greater USDA Choice carcasses. Anderson (1999) noted increased marbling scores, which led to greater percentage of USDA Choice carcasses for steers fed field peas when compared with those fed barley. In our study, no effects on marbling were created by feeding peas (Table 3). In 3 experiments, Lardy et al. (2009) observed mixed effects of field peas on marbling. In Exp. 1 (heifers), marbling tended to increase with field pea inclusion. In Exp. 2 (steers), no differences in marbling were found. In Exp. 3 (steers), however, those authors found a linear increase in marbling due to increasing field peas in the finishing diet. No differences in marbling were reported in studies conducted by Flatt and Stanton (2000) and Fendrick et al. (2005) . The diets in the present study are similar to those of Flatt and Stanton (2000) , Fendrick et al. (2005) , and Lardy et al. (2009) Exp. 2, possibly explaining the similar lack of response in marbling to field pea inclusion. In the present study, field peas replaced dry rolled corn without equating treatments for dietary CP. The additional CP was not expected to affect the results of the study. Fendrick et al. (2005) and Flatt and Stanton (2000) did not equate CP either, whereas Lardy et al. (2009) did, yet all studies reported similar responses. Therefore, dietary CP does not appear to have affected the results. Magolski et al. (2008) conducted a study to determine if pea inclusion during various phases of the finishing period affected the carcass characteristics of steers. Field peas were included as 15% of DM and replaced corn and canola meal. As in the present experiment, no differences were noted for HCW or LM area. Calculated yield grade was greater in carcasses from steers fed peas during the finishing phase compared with those fed peas in the receiving phase or during the entire feeding period. Marbling was greater for steers fed peas for the entire period compared with those not fed peas or those fed peas in the receiving phase. The steers fed peas for the entire feeding period had a greater fat thickness than those fed peas during the receiving period. It is noteworthy that timing of inclusion could influence carcass traits of cattle fed field peas.
Sensory Attributes and Tenderness
Consumers rated steaks from steers fed 30% field peas to be more desirable than those from steers not fed field peas (Table 5) for overall like (linear effect; P = 0.02) and tenderness (quadratic effect; P = 0.06). The WBSF data followed the same trend with a quadratic response (P = 0.02) indicating that feeding field peas resulted in more tender beef (Table 5) . No differences were observed in juiciness ratings (P ≥ 0.64). In addition, the panelists tended to give more desirable flavor ratings (quadratic effect; P = 0.12) for beef from steers fed 30% peas (Table 5) . It is unclear if this is a real flavor difference or if panelists rated the flavor to be more desirable because the beef was perceived to be more tender or vice versa (a halo effect or an inability to completely separate tenderness, juiciness, and flavor; Roeber et al., 2000) . Regardless of the reason, these data suggest that feeding cattle up to 30% field peas can result in a more desirable product overall. Carlin et al. (2006) fed increasing dry-rolled field peas, up to 30% DM replacing corn and canola meal in corn-based finishing diets and reported that increasing the amount of dietary field peas quadratically decreased shear force. Sensory panel analysis indicated a linear increase in tenderness, a tendency for greater juiciness ratings, and no differences in flavor or off flavor.
In the study conducted by Magolski et al. (2008) , WBSF was less in steaks from steers fed field peas for the entire finishing period compared with steaks from corn-fed steers. Those authors also noted a tendency for WBSF to be less in steaks from steers fed field peas the whole feeding period than those fed field peas only during the receiving period. However, in contrast to the present study, the sensory panel analysis showed no differences in tenderness, juiciness, or off flavor. Panelists noted that steaks from corn-fed steers had a more intense beef flavor compared with those from steers consuming field peas. These authors also analyzed intact desmin in LM by Western blots. Muscles from steers consuming field peas in the finishing phase had a tendency toward less intact desmin than steaks from corn-fed steers, which indicates increased protein proteolysis. Field pea inclusion in finishing diets also altered meat quality as observed in the present study. However, phase feeding of field peas could alter this response.
Concluding Remarks
Overall, no major effects on feedlot performance of finishing steers fed increasing amounts of field peas were found in the present study. Therefore, including field peas up to 30% DM in dry rolled corn-based diets does not negatively affect finishing performance or carcass characteristics. Feeding field peas to finishing cattle improved tenderness as measured by WBSF. Sensory ratings by consumer panelists (tenderness, juiciness, and overall like) were greater for beef from steers fed peas. Other recent data have suggested an improvement in meat tenderness when cattle are fed field peas. Because reasons for these responses are not clear, the effects of feeding field peas for improving beef acceptability deserves further evaluation. Means in the same row having different superscripts are significant at P ≤ 0.05. 1 Overall like (1 = dislike extremely, 9 = like extremely), tenderness (1 = extremely tough, 9 = extremely tender), juiciness (1 = extremely dry, 9 = extremely juicy), and flavor (1 = dislike extremely, 9 = like extremely).
2 SE of the treatment means. 3 Observed significance levels for orthogonal contrasts: linear and quadratic effects of increasing amounts of field peas.
